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a)  Preliminary  tests.  For  the  purpose  of  qualitative  orientation, 
tho  virus  which  had  been  inactivated  by  several  decimal  pov:er3  by  pro¬ 
longed  subjection  to  the  effect  of  nitrite  was  tested  on  "Java"  and 
"Xanthi"  tobacco  in  a  relatively  high  concentration.  This  is  compared 
with  diluted,  non-treated  virus.  Table  1  shows  that  virus  treated  with 
nitrite  in  this  manner  causes  a  very  great  number  of  necrotic  lesions  on 
Java  tobacco,  vhil©  non— treated  virus  of  tho  same  infectivity  (established 
on  Xanthi  plants)  develops  only  a  few  necroses  on  Java  plants.  Fig.  1  b 
depicts  a  leaf  of  Java  tobacco  inoculated  with  vulgare  Ti-W  treated  for 
only  20  minutes  with  nitrite.  In  addition  to  the  chlorotic  foci  of  in¬ 
fection  by  vulgare,  several  necrotic  foci  are  distinctly  visible. 

It  shall  be  shown  in  the  following  that  these  necrotic  lesions  must 
be  attributed  to  mutants  which  were  generated  by  the  chemical  treatment 
of  the  virus  or  of  RNA  in  vitro. 

b)  Quantitative  analysis.  For  the  purpose  of  quantitative  analysis, 
the  time  of  subjection  to  nitrite  was  varied  and  tho  remaining  conditions 
remained  constant  in  the  course  of  a  time  series.  Table  2  contains  such 

a  metric  scries  for  isolated  RNA  of  TMV  strain  vulgare.  It  is  evident 
that  the  number  of  local  necrotic  lesions  generated  on  Java  tobacco  at  a 
constant  RXA  concentration  initially  experiences  a  sharp  rise  and  then 
mbaacs  in  oho  further  course  of  incubation.  The  fraction  of  necrotic 
— ^  ons  — -'-‘o  the  total  number  of  all  foci  of  infection  continues  to 
rise  steadily. 

according  to  tests  by  Schuster  and  Schramm,  inactivation  with 
nitrite  occurs  by  the  chemical  alteration  of  individual  nucleotides  and, 
therefore,  exponentially  with  timj: 

n  =  nQe  -  ^  (1) 

w 

(r=  concentration  of  infectious  particles  after  time  t;  n0  - 
concentration  of  infectious  particles  at  time  t  =  0). 

Time  '"'C  dofinos  that  time  after  which  the  number  of  infectious 
particles  has  decreased  to  1/c,  i.e.  to  37/»  of  the  original  value.  On 
tho  basis  of  the  series  of  dilutions,  the  corresponding  concentration  n 
of  infectious  particles  may  bo  determined  for  each  value  of  infectivity 


following  incubation  vdth  nitrite.  Tima  -  is  then  obtained  according 
to  equation  (1)  by  applying  the  log  of  the  concentration  against  the 
time.  For  example,  the  inactivation  curve  in  F.ig.  3  is  thus  obtained 
on  the  basic  of  the  metric  values  of  table  2.  It  is  evident  that  the 
values  measured  on  Xante. i  and  Java  tobacco  yield  a  common  curve  and 
support  each  other  in  this  manner.  For  the  tost  tabulated  in  table  2 
and  Figs.  2  and  3,  a  'C  °f  18  minutes  is  obtained. 

If  the  induction  of  mutants  is  duo  to  chemical  alteration  of  sir.glo 
nucleotides,  as  in  the  case  of  inactivation,  and  p  mutagenic  changes  of 
the  searched-for  phenotype  (phacn)  are  obtained  for  each  inactivation, 
a  linear  increase  in  the  fraction  of  mutants  among  the  '’surviving"  virus 
particles  may  bo  expected,  according  to  the  equation 


-  =  p  • 


(m  =  concentration  of  nccrotising  mutants). 

The  total  concentration  of  mutants,  on  the  other  hand,  is  obtained 
by  combining  of  equation  (1)  vdth  equation  (2)  to  form 


“  -  p  dt  no« 


or,  applied  to  the  maximal  value  cf  n 


m  ■  e  •  -  •  e 


It  is  likely  that  equations  (2)  and  (3)  are  valid  only  for  a 
limited  period  of  time  t,  since  saturation  effects  are  possible  after 
prolonged  treatment  vdth  nitrite.  Equation  (3)  will  represent  the 
approximate  dependence  on  the  time  factor  of  the  necrotic  lesions 
developing  due  to  the  effect  of  lu. trite,  as  long  as  the  number  of 
necroses  is  nearly  proportional  to  the  concentration  of  mutants. 

However,  if  the  mutations  vfere  due  to  the  simultaneous  alteration 
of  several  (namely  V  )  nucleotides,  then  a  relation  of  the  following 
type  should  result: 

5  m  const,  t  ^  ,  (5) 

n 


m  =  const,  t 


The  preceding  equations  make  it  possible  to  describe  measurements 
conducted  under  dissimilar  conditions  in  a  uniform  manner.  This  is  done 
by  reducin'  all  points  of  measure  to  the  time  'u  which  corresponds  to 
the  conditions,  tiao  v  being  measured  independently.  The  same  fraction 
of  chemically  altered  ’oases  in  Ith’A  corresponds  to  the  same  value  t  . 

In  this  measurements  taker  under  different  conditions  ray  be 

compared.  First,  as  depicted  by  the  preceding  example,  time  'C  has  been 
established  for  every  individual  series  of  measurements  on  the  basis  of 

the  inactivation  curve.  Then  the  number  of  visible  necrotic  lesions  - 

applied  to  the  corresponuing  maximal  valuo - was  determined  for  each 

experiment,  separately  and  in  relation  to  tiao.  In  Fig.  4  the  values 
thus  obtained  are  applied  against  t/ar.d  compared  with  tne  theoretical 
curve,  equation  (4),  of  the  one -hit ’reaction.  There  is  favorablo  agree¬ 
ment.  This  applies  both  to  the  measurements  of  vulgare  TkV  and  the  KNA 
isolated  therefrom  'under  two  different  conditions,  and  to  the  hit.  of 
strain  Bll  (*) .  The  decision  in  favor  of  the  one-hit  reaction  is 
supported  especially  by  the  characteristic  starting  values  in  connection 
with  short  incubation  times.  The  linear  rise  of  the  experimental  values 
strongly  deviates  here  fron  the  parabolic  rise  of  the  multi-hit  curve 
(Fig.  4).  In  Fig.  5  the  fraction  of  the  necrotizing  foci  of  infection 
among  the  total  number  cf  all  foci  on  Java  tobacco  is  entered  in  relation 
to  time,  v.’hsre  the  reduced  time  is  again  chosen  as  the  unit  of  time. 
Here,  too,  the  initially  linear  rise  of  induced  necrotic  lesions  with 
tin:,  corresponding  to  the  one-hit  reaction,  is  evident.  Tne  subsequent 
bsna  in  the  curve  may  possibly  bs  ascribed  to  the  indicated  effect  of 
saturation.  Strain  Ell  of  TFiV  also  shows  the  linear  rise  of  the  necrotic 
portion  with  time.  For  the  characteristic  time  t  =  TI’  ,  an  approximate 
ratio  of  6 i  mutants  is  found  among  the  "survivors’1  in  the  case  of  vulgaro, 
and  about  2~/>  for  311.  In  the  event  the  "plating  efficiency"  is  not 
changed  by  the  mutation,  this  corresponds  to  the  relation  p  of  the  muta¬ 
genic  hits  to  the  lethal  hits,  according  to  equation  (2).  Since, 
according  to  Schuster  and  Schramm,  the  alteration  of  every  single  or.c  of 
about  3, COO  nucleotides  has  a  lethal  effect,  there  would  be  6*  in  the 
case  of  ?JiA  of  strain  vulgare,  i.e.  ISO  nucleotides  whose  change  would 
lead  to  a  mutant  with  the  characteristic  of  Java  necrosis.  The  ante¬ 
cedent  of  this  evaluation  still  requires  experimental  confirmation, 
however. 


Cno  of  the  numerous  strains  developed  by  spontaneous  mutation  from 
vulgare  isolated  in  the  meanwhile  by  Kelchers,  characterized  by 
crimaiy  chlorotic  lesior.3  and  light  yellow  secondary  symptoms  with 
small  necroses. 


The  congruent  course  of  the  corresponding  curves  for  id. a  and  intact 
virus  already  indicate  that  the  aibdmsn -  fraction  of  the  virus  has  no 
decisive  influence  on  the  reaction’s  mechanism. 

In  order  to  confirm  this,  the  rate  of  spontaneous  mutation  .0 
necrotizing  mutants  on  Java  tobacco  wus  first  determined  coin  -«/*■  in-.— n 
vulgare  T.FV  and  infectious  PJiA  prepared  from  it.  Tne  two  rates  o btnr.ee. 


3 


aro  identical  (table  3).  The  came  test  was  conducted  in  another 
experiment  vd  th  nitrite-treated  vulgare  whose  infect!  vity  had  been 
reduced  to  about  l/e  of  the  original  value  (t  approximately  =  71"  ). 
again,  protein  was  renoved  from  a  part  of  this  nitrite-treated  virus  by 
fourfold  shaking  with  phenol;  the  HI  la  obtained  was  tested  as  above. 

In  the  case  of  thi3  nitrite-v.reated  virus,  too,  no  differences  between 
the  rotation  rates  of  intact  virus  and  the  Hlii  Si.br.equer.tly  prepared 
from  it  were  noted.  The  two  rates  are  identical  to  each  other,  but 

OOi  tisi.  Jk  '<wfc  UJL  x  Ce.ti  Xf  I  *  upO.i  VlL)  t  a  bV  W*  ’-Ai  4  l/X'Cui  W  yQ  UW 

(table  3)>  This  shows  that  the  observed  effoct  i3  duo  to  the  influence 
cf  nitrite  on  the  Alla  of  the  virus,  and  tl.at  its  quantitative  result  is 
independent  of  the  presence  of  virus  protein. 

c)  The  biological  proof  of  the  mutagenic  of feet  of  nitrite  in¬ 
cubation.  *3  the  quantitative  analysis  indicates,  the  genesis  of  necrotic 
io.Aono  on  Java  leaves  induced  with  nitrate  follows  law3  that  suggest  a 
direct  chemical,  i.a.  mutagenic,  alteration  of  RNrt  via  single  nucleotides. 
In  addition,  it  w'as  necessary  to  prove  the  development  of  new  strains  as 
evidence  of  a  genuinely  mutagenic  effect.  In  this  connection,  the 
stability  of  newly  appearing  character! -tics,  in  particular,  had  to  be 
tested  in  transplanting  experimsnts.  lion  we  had  to  examine  whether,  in 
addition  to  the  primary  ability  to  necrotize  Java  tobacco,  other  new 
characteristics  appear  in  the  wake  of  treatment  vdth  nitrite. 

These  two  problems  were  investigated  in  the  courso  of  an  extensive 
inoculative  experiment. 

The  principle  of  this  experiment  is  the  isolation  of  individual 
foci  under  conditions  that  preclude  the  possibility  of  subjective 
selection,  and  the  transfer  of  virus  from  these  foci  to  plants  whose 
symptoms,  following  pathogenesis,  permit  the  observation  of  as  many 
viral  characteristics  as  possible.  We  proceeded  vdth  the  groups  "AHA 
incubated  with  nitrite  for  96  minutes"  and  dilution  control  vdth  0.19 
KNA/al  of  the  test  summarized  in  table  2.  The  infectivity  (according  to 
the  number  of  necrotic  lesions  per  Xanthi  leaf)  of  both  is  nearly  equal 
and  the  number  of  necrotic  lesions  per  leaf  (about  3)  so  low  that  foci  of 
infection  may  be  isolated  ‘with  ease.  They  were  cut  out  and  homogenized 
in  tissue  micro-mortars.  The  homogenate  of  each  individual  necrotic 
lesion  was  diluted  to  1  ml  vdth  buffer  and  frozen.  On  the  following  day 
the  melted  homogenates  were  used  to  inoculate  one  Samsun  and  one  Java 
seedling  each  per  original  Xanthi  necrotic  lesion,  using  a  glass  spatula 
and  carborundum.  In  this  manner  all  Xanthi  necroses  of  the  two  compara¬ 
tive  groups  were  isolated,  totalling  60  in  the  "96  minute  nitrite  group" 
(labeled  vdth  numbers  1-60)  and  63  in  the  diluted  controls  vdth  0.19  X 
HhVml  (numbers  61-101,  101a,  102-124). 

The  results  of  this  test  are  summarized  in  tabic  4  and  Figs.  6  and  7. 
In  contrast  to  the  uniformly  growing  control,  the  result  in  the  case  of 
nitritc-incubated  A’ is  entirely  different  qualitatively  as  we l1  as 
qux.Vviuauively:  In  this  group,  20  of  60  single  focus  transfers  have 
failed,  in  the  control  :  only  1  among  65;  of  the  40  infections  frti 
necrotic  lesions  of  tl  >  nitrite  group,  only  7  cannot  be  differ'"' .iated 


from  the  controls  by  their  symptoms. 


Those  results  remained  unchanged  after  a  second  transplantation 
wiiich  was  conducted  2^-3  weeks  later  from  diseased  plants  of  i'n — -un  and 
Java  tobacco  onto  young  samsun  ceu-llings.  Tne  symptoms  noted  after  this 
second  transfer  ..ere  identical  to  those  of  the  Saasun  plants  of  the 
first  transplant.  San sun  seedlings  inoculated  with  virus  material  from 
Java  plants  devoloped  the  cane  symptoms  a3  thoso  of  the  corresponding 
parallel  inoculation  from  Saacun  plants.  This  proves  that  the 
differ viitiutirifc  must  bo  ascribed  not  to  physio. lop  rally  caused 

variability  of  tho  host  plants,  but  to  genetically  fixed,  now  character¬ 
istics  of  the  virus.  -  The  nutation  rate  for  the  necrotizing  character 

amounts  to  15%  (cf.  table  2)  under  the  conditions  of  this  incubation. 

Tna  general  incidence  of  mutants  proves  to  be  much  higher  upon  evalu¬ 
ation  of  a  maximum  number  of  phono  types  (phaeno),  as  was  done  in  this 
experiment.  It  is  possible  that  a  acre  precise  examination  may  prove 
that  Rh.-v  incubated  vath  nitrite  for  9 6  minutes  under  these  conditions 
no  longer  contains  any  material  that  still  maintains  the  unaltered 
genetic  character  of  the  starting  material. 


Table  1.  Effect  of  incubation  of  vulgare  TiW  not  necrotizing  Java 
tobacco  on  the  necrotizing  ability  of  this  virus. 

Concentration  in  ths  incubate:  4.4  mg  virus/ml;  pK  during  incuba- 
tion:  4.1;  nitrite  concentration  in  the  incubate  a  1  molar;  dilution 
after  1,  2,  3  and  4  hours  with  a/15  phosphate  buffer  pH  7.0  to  0.44  mg 
virus/;-!,  then  dialysed  against  the  sane  buffer  and  inoculated  on  Java 
tobacco  loaves. 


Ti-IV  concentration 

1st  test 

2u 

test 

Grouo 

in  the  inoculum 

necrose 

3/leaf  on 

necroses/leaf  on 

(l0-6  g/ml) 

Ha  nth  i 

Java 

Har.thi 

Java 

Incubated  with 

1  hr  440 

SCO 
y  ✓  w 

345 

277 

113 

h’ahO,  at  pH  4.1 

2  hrs  440 

137 

53 

37.5 

25.2 

3  hrs  443 

2 

1 

8.21 

8.4 

4  hrs  440 

0.p6 

0.29 

- 

- 

non-treat cd 

4.4 

409 

1.9 

257 

1.4 

dilution  oontrol 

0.44 

163 

0.5 

5o 

C.63 

0.044 

26.3 

0.16 

8.6 

0.13 

0.0044 

2.03 

0.045 

0.8 

not 

tested 
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Table  2.  Dependence  or.  the  duration  of  subjection  to  id  trite  of 
the  genesis  ox'  local  necrotizing  infoctivo  ford  frost  non-necrotizing 
vulgaro  luh. . 

Concentration  in  the  incubate:  9.5  1  10“^  g  itibt/'-'-lj  pi:  in  the 
incubate:  4.0;  rd trite  concentration  in  the  incubate  =  1  tolar, 
dilution  after  1-96  minutes  vdth  ;r/i5  phosphate  buffer  pH  ?,0  to  1.9 


iU  ;l  Duration 

concentration  0p 

V-w  ^  **  *  ml  .v  tio.. 

(adn) 


-v-ntna 

IXoCi\3S0S 


d  aVU 

r.ucrovic  it 
chlorotic 
lesions  per 
leaf=  total 


D  -T 

i  tOi 

19 

1 

72  .b'« 

la3^-> 

19 

4 

72.  ywsfr 

130::-Z* 

'  ij 

S 

29.  &<** 

188*^ 

19 

lo 

59.3 

97 

19 

32 

36.1 

63 

19 

6i 

10.4 

21.4 

19 

96* 

2.72 

3-5 

19 

0 

1'5 

137.5 

1.9 

0 

1.2 

41.7 

0.19  ::•* 

0 

3.C6 

10.4 

0.019 

0 

0.28 

0.75 

lava  Java  necroses  X  V 
..ccroses  total  P.S. 

per  leaf  (>.'} 


0.77 

1.9 

2.4 

5.5 

10.5 

9.2 

150 


*  In  this  group  a  total  of  60  Xur.tni  necroses  wore  counted.  They  yielded 
the  starting  xsaterial  for  the  inoculative  experiment  described  in  table  4* 
The  mutants  depicted  in  Fig.  6  originated  in  this  group. 

jn  *a;  group  .a  total  of  65  Xir.thi  necrotic  lesions  wore  counted.  They 
yielded  the  starting  material  for  the  controls  of  the  inoculative 
cxocrixsr.t  of  table  4  and  the  controls  depicted  in  pari  in  Fig.  ?. 


‘irv.-rt  ;Q 


Fo-  the  dote  rains. ti  on  of  'C  (i.o.  the  inactivation  rarvo),  the  mean 
uaa  drav.-n  from  these  values  and  those  of  the  first  control  x  10"°  g 
XU/ ml)  and  the  moor.  v;as  utilized  as  the  3  minute  value. 
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Tabic  3. 

lc.JiOiiS  Oil  Ja/u 

inches  vulgare 


bo.. pan so n  oT  spontaneous  appearance  of  local  nccrosic 
tobacco  vith  tn<*t  elevated  by  the  nitrite  incubation 
TiV,  for  unimpaired  T.1V  and  its  isolated  EKn. 


of 


1‘^st  Preparation  Concentration 

//■  of  TkV  or  KKh 

in  10”6  g/al 

Java 

necroses 

4  eh  lo — 
rums  per 
leaf 

»<u.^ro  vie 
lesions 
p  v  r  wCui 

Mutation 
rate  * 

1  TWV  vulgar;,  noa-treatcd 

0.26 

GO 

0.15 

0.137 

fro  it  non-troased  vulgare 

7.0 

111 

0.2 

0.130 

T.  V  vu 1 ' _re .  incubated  20 

ran  v.ith  nitrite 

0.7 

SI. 3 

4.6 

5.65 

2  T.iV  vulgare,  incubated  20 


in  wit a  nitrite 
•i. a  froa  vulgarc  T.-.V  in- 

0.7 

40.7 

1.35 

3.32 

cubatcd  20  ain  vith  nitrite 

20.0 

54 

2.12 

3.93 

4-/ 


Tablo  4.  Su.-x.-nry  of  the  types  deviating  fron  r.on-troated  starting 
svatcriol  found  in  vulgare  rili  incubated  in  nitrite  after  testing  on  Scuxaun 
and  Java  tobacco  (test  d^ta  see  table  : . 


Preparation  = 

fdiA  fron  vulgare  T-?J 

Tost  plants 


Cf.  Treated  w/nitrite 
Fig.  96  iain 

^  20x10” 13  g  FObi/isl 
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Mon-treated 
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°.!9  x  10-6  g 
Sasunur1*"*"  Java 


d 

0 


a 

b,f 
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Inoculation  failed  _  gg 

rrobably  unaltered  virus  -  7 

Similar  to  vulgare,  but 
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formation  of  leaves  C  5 
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. .etc TiUCs ted  types 
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ayste;.i  colly  necrotizing 
'  strains 
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c)  weakly  chiorotizing  C 

n *  ••?rc  .•.-rnin  if  nrirn. infect!  0 
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0 
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Foot- otcs  to  t-blo  4: 

*  .>  ay.  cute  a. typo  found  on  Samsun  tobacco  does  not  necessarily  produce 
tho  saso  symptoms  on  Java  tobacco.  This  is  true  especially  of  weak 

ti  wi'vXi.r»w  * 


-**-  deduction  of  lamina  in  part  up  to  center  rib.  Such  sevoro  injuric 
become  fully  evident  only  2-3  ’.'ueks  after  infection. 

***  Cf.  Fi^.  ?• 
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Duration  of  incubation  with  nitrite 
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Fir;.  4.  Relation  between  the  absolute  number  of  necrotizing 
muoants"  noted  per  loaf  and  the  duration  of  the  influence  of  nitrite, 
the  latter  represented  by  the  quotient  ’‘duration  of  treatment:  reduced 
time  'o  ”  ( cf  •  Fig.  3  for  determination  of  ). 
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Pirr.  5.  Relation  of  the  fraction  of  necrotizing  typos  among  tnc  total. 
c'  ain  infective  foci  on  Java  tobacco  (necrotic  /  chlorotic  lesions,  cf. 

V- £  b  s  "nutation  rato")  to  the  duration  of  treatment  with  nitrate  in 
connection  with  2  strains  of  TMV.  Sections  of  abscissa  sane  as  in  Fig.  4. 
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Fig,  6  a-h.  Sor.o  examples  of  TxV  strains  developing  after  incuba¬ 
tion  of  TP'v  vulgaro  hiia  with  nitrite  and  isolated  froo  necrotic  lesions 
of  Xiuthi  tobacco  leave 3.  Su-vjtaiy  of  mutants  obtained  in  table  4; 

-1  d -i.ee  in  tabic  2  arid  text  pp.  62,3  and  626. - a)  syste: 

typical  single  form  Pi  53;  c)  similar  to 

riateu 

C.  .'si  til. 


nc-cro  taring  cn  Sr.-sun,  Pi  45;  b ) 

vulgare,  tut  vathout  distinct  deformation  of  leaf  Pi  20;  d) 
Lon  typo  Pi  IS;  c}  with  increasod  deformation,  in.  later 


tcr.uly 


vet.:  a 


of  the  lanira  as  far  as  the  canter  rib,  hi  10;  f)  atypical  single  form  Pi  II 
sled  strain  Pi  54}  h)  attenuated  strain  Pi  19. 


a) 


Fig  7  a-h.  Selected  examples  of  extrema  variability  v.ithin  a  control 
group  vdth  nan-treated  ruin .  Inoculations  from  necrotic  lesions  of  Xantid 
tobacco  leaves.  Summary  and  coop  a  id  son  vdth  nitrite-treated  HIL,  see  table 

4  end  Fig.  6,  experimental  data  table  2  and  text  pp.  623  and  626.  - 

a)  control  63,  b)  control  101,  c)  control  109,  d)  control  75>  e)  control 
HI,  f)  co.itroi  £5,  3;  control  71,  b)  control  61. 

Discussion. 

\ 

\ 

a.i  order  to  demonstrate  the  genesis  of  mutants  in  vitro,  conditions 
v.-crc  chosen  under  v.r.ich  a  strong  increase  occurs  in  the  number  of  r.ccrotic 
lesions  caused  by  the  mutants  on  Java  tobacco.  Owing  to  this  increase, 
the  number  of  mutants  multiplies  20  times  over  the  original  value  in  an 
area  where  tho  infcctivity  has  dccresed  by  only  one  half.  This  precludes 
selective  processes.  Por  may  the  rise  be  attributed  to  a  higher  degree  of 
probability  of  the  mutants'  assertiveness  due  to  dilution  or  inactivation, 
as  frequently  noted  (Pun dry  1957  a) .  Thoreforo  the  mutants  wero  induced 
by  treatment  vdth  nitrite.  <  - - 

In  the  case  of  ecual  representation  of  altered  bases,  i.e.  after 
identical  inactivation,  e.g.  to  l/o,  tho  percentage  of  mutants  among  the 
infectious  particles  is  the  same  for  isolated  HI, ’A  created  v.ith  nitrite, 
for  virus  treated  v.ith  nitrite,  ana  for  HP.,  subsequently  isolated  from  it. 
Thus  tr.c  mutagenic  effect  does  r.ot  affect  the  protein  and  has  no  connec¬ 
tion  v.ith  aggregational  phenomena,  which  are  entirely  diff  crent  for  It,/\ 
and  TP7;  therefore  chemical  changes  of  RPA  must  be  involved  here. 

Q-ntitative  analysis  indicates  that  the  change  of  a  single  nucleotide 
ir.  the  chain  of  6, COO  suffices  to  evoke  a  mutation.  Numerous,  probably 
hundreds  of  nucleotides  lead  to  mutants  upon  alteration.  Genetic 
ex* ..inations  indeed  showed  that  a  multitude  of  different,  genetically 
anchored  phenotypes  (phacnc)  appeared  as  a  result  of  treatment  with 
riot  w-'-a  o  c  • 

hl.ile  the  tests  positively  indicate  that,  the  chemical  alteration 
of  PP.-,  in  vitro  leads  to  mutants,  it  v:ac  fauna  also  that  tne  removal  of 
pro  coin  from  the  virus  is  not  followed  by  a  change  in  the  mutational 
behavior.  The  spontaneous  rate  of  mutation  in  the  direction  of  the 
nroro  aiming  character  or.  Java  tobacco  is  apprcrim-tnly  tho  came  for  I.  .7 
ar.d  PPh  (see  tael -a  3),  r.amoly,  0.2,-J  uraer  our  conditions.  Inoculations 
of  65  single  foci  Caused  by  infectious  KI-A  on  Xant.ti  tobacco  also  failed 
to  rove  -  - .  _ _ -  ,c*Cu  cy  mu  ,0  ms ,  an  co  .i.p.jo  to  rd,.,  t  r  eu  u  0  Vu.  th  ro,  t .  a  w  e . 
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